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(57) ABSTRACT 

A LCD system including multiple light Sources optically 
coupled through different light entry regions to at least one 
waveguide element positioned to backlight a LCD panel. A 
LCD system including multiple light Sources coupled to light 
entry regions of two or more waveguides comprising a 
waveguide system positioned to backlight a LCD panel. 
Waveguides of various configurations and promoting even 
lighting of associated LCD panels are provided. Resulting 
LCD Systems enable uniformly lit panels having diagonal 
measurements in excess of 12 to 14 inches, but the invention 
is not limited to panels of any particular size. 
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LED BACKLIGHT SYSTEM FOR LCD 
DISPLAYS 

FIELD OF THE INVENTION 

0001. The invention relates generally to liquid crystal dis 
plays and, more specifically, to liquid crystal displays having 
enhanced lighting uniformity. 

BACKGROUND OF THE INVENTION 

0002 Traditional display panels, such as cathode ray tube 
(CRT) displays are being replaced by more advanced alter 
natives. Such as liquid crystal displays (LCDs) and plasma 
displays. These newer display technologies offer various 
advantages over traditional CRT technology, including 
reduced weight; thinner profile; Superior color, contrast and 
brightness in the resulting display; and reduced power con 
Sumption. 
0003) LCDs typically include an array of pixels arranged 
in front of a light source, lighting panel, or reflector. Each 
pixel includes a layer of liquid crystal material, and two 
filters, with one filter serving to polarize light horizontally 
and the other filter serving to polarize light vertically. A 
reflective LCD has a reflective layer (such as a mirror) behind 
the pixels and is lit by either a frontlight or by ambient light. 
A transmissive LCD is lit by a backlight, in an arrangement 
where the pixels are arranged in front of a light source and 
light from the light source is transmitted through the pixels to 
the front of the LCD or the viewing area, resulting in a “lit’ 
pixel. Light Sources for backlighting may include electrolu 
minescent panels/foils (ELS), cold cathode fluorescent lamps 
(CCFLs), hot cathode fluorescent lamps (HCFLs) External 
Electrode Fluorescent Lamps (EEFLs), traditional incandes 
cent lightbulbs, or light emitting diodes (LEDs). High inten 
sity discharge lamps (HIDS) may also be used in certain 
backlighting applications. 
0004. When LEDs are utilized as light sources for trans 
missive LCD backlighting, they may be traditional or side 
view LEDs. Side view LEDs are also known as “side emitting 
LEDs or “side looker LEDs. A side view LED is a packaged 
LED that emits light parallel to the plane of the surface to 
which the package is mounted. Compared to traditional LED 
packages, side view LED packages are thinner and typically 
less expensive to manufacture. A typical side view LED pack 
age has dimensions of about 1.5 mm by about 0.5-0.7 mm, but 
Such dimensions may vary. Owing at least in part to their 
Small size, side view LED packages have limited current 
handling capabilities, thus limiting their emissions. As a 
result, a single side view LED package typically has less 
output capability than a traditional LED package. Whether 
accidentally or deliberately, practitioners often “overcurrent 
side view LEDs to achieve greater output, which can lead to 
overheating and failure of a device incorporating Such LEDs. 
0005. Current LED lighting techniques for transmissive 
LCDs include either direct backlighting or backlighting by 
edge illumination. While a backlight will light the pixels from 
the backside, that light may come from directly behind the 
center of the pixels (direct backlighting) or from behind the 
sides of the pixels (backlighting by edge illumination). While 
both techniques are recognized as backlighting, direct back 
lighting refers to illumination directed axially (centrally) 
through the backside of pixels. In contrast, edge illumination 
refers to an arrangement where the light source is located 
along an edge of a LCD System and lights the pixels from the 
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side. Edge illumination may occur along the side edges of the 
LCD, the top edge, or the bottom edge. Backlighting of trans 
missive LCDS may utilize a waveguide to spread the light to 
an entire LCD panel, with Such waveguide having a single 
entry for light and transmitting the light by internal reflection 
to be spread over a desired area. 
0006. A traditionally LED backlit LCD may include a 
layered system that includes an array of red, green and blue 
LEDs positioned on a panel or array of tiles. The panel or tiles 
include a reflective surface or layer arranged so that light is 
reflected in the desired direction towardaa diffusion layer that 
diffuses the light provided from the LED backlight and 
reflects some of the light back toward the reflective surface or 
layer, thereby functioning to mix the light and improve the 
light uniformity (“recycling effect”). A brightness enhance 
ment film and/or collimating layer over the reflective layer or 
surface and the diffusion layer provides light to the LCD 
panel layers in a more optimal fashion and also acts with the 
reflective layer or surface and the diffusion layer to enhance 
the recycling effect Depending on the embodiment, addi 
tional or less layers can be utilized as is understood by one of 
skill in the art. Such a backlight system may also include 
thermal layers below the LEDs for thermal management. As 
such, as is understood by one of skill in the art, the LED 
backlight system provides uniform white light to the LCD 
panels, which typically include a shutter layer and red, green 
and blue color filters. 
0007. The above-described traditionally lit screens have 
several inherent limitations. In the context of direct backlight 
ing with a LED, a traditional LED package emits light 
directly at (i.e., through) a LCD screen. In order to light the 
entire screen, the LED must operate at high power and be very 
thick ifutilized without a waveguide. Accordingly, the thick 
ness of the resulting LCD System (television, monitor, etc.) is 
also increased. Modern consumers, however, desire thinner 
profile systems with thicknesses as Small as a few inches. 
Accordingly, thick LCD Systems are not commercially desir 
able. Additionally, use of high powered traditional LED pack 
age without a waveguide may create a "headlight effect” also 
known as a “hotspot on the panel, causing a detrimental lack 
of light uniformity. 
0008. With regard to edge illumination, in which a 
waveguide is used to spread the light emission of a side view 
LED package disposed on an edge of the LCD, the resulting 
screen size is limited. As indicated previously, light emission 
characteristics of side view LED packages are reduced in 
comparisonto traditional LED packages, with Such limitation 
due to their size and current handling capabilities. As a result 
of the lowerlight emission, and the single entry for light in the 
waveguide, one or more portions (i.e., typically the center) of 
a side view LED-lighted LCD screen may not be lit if the 
screen is relatively large in size. LCD Screens illuminated 
with side view LED packages and having acceptably uniform 
illumination characteristics are currently limited to screens of 
about 12 to 14 inches (diagonal) in size. 
0009. Accordingly, a need exists in the art for backlit LCD 
displays and display systems that are light in weight, have a 
thin profile, that enable use of large screens, and that are 
uniformly lit over the entire display with superior color and 
contrast. These and other needs are addressed with devices 
and systems according to embodiments of the present inven 
tion. 

SUMMARY OF THE INVENTION 

0010. The present invention provides improved liquid 
crystal display systems and methods of using the same. 
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0011. In one aspect, the invention provides a liquid crystal 
display (LCD) system comprising a LCD panel, at least one 
waveguide element comprising a plurality of light entry 
regions, a first light-emitting source positioned to emit light 
into the at least one waveguide element at a first light entry 
region of the plurality of light entry regions, and at least a 
second light-emitting Source positioned to emit light into the 
at least one waveguide element at at least a second light entry 
region of the plurality of light entry regions. 
0012. In another aspect, a liquid crystal display (LCD) 
system comprises a LCD panel with a viewable surface hav 
ing a diagonal measurement of at least about 12 inches, at 
least one waveguide element comprising a plurality of light 
entry regions, a first light-emitting source positioned to emit 
light into the at least one waveguide element at a first light 
entry region of the plurality of light entry regions, and at least 
a second light-emitting source positioned to emit light into 
the at least one waveguide element at at least a second light 
entry region of the plurality of light entry regions; wherein 
each of the first light-emitting source and the at least second 
light-emitting source comprises a plurality of LEDs arranged 
in at least one strip. 
0013. In another aspect, the invention provides a liquid 
crystal display (LCD) system comprising a LCD panel, at 
least one waveguide element comprising at least one light 
entry region, a first light-emitting Source positioned to emit 
light into the at least one waveguide element at a light entry 
region, and at least a second light-emitting Source positioned 
to emit direct backlight onto the LCD panel. 
0014. In still another aspect, the invention provides a 
method utilizing a LCD panel; at least one waveguide ele 
ment having a first and at least a second light entry region; a 
first light-emitting source; and at least a second light-emitting 
Source positioned to emit light into the at least one waveguide 
element; and comprises multiple steps including: (1) opti 
cally coupling the first light-emitting Source to the at least one 
waveguide element at the first light entry region; (2) optically 
coupling the at least a second light-emitting source to the at 
least one waveguide element at the at least a second light entry 
region; and (3) positioning the at least one waveguide element 
to backlight the LCD panel. 
0015. In another aspect, the invention provides a 
waveguide system comprising a first waveguide element 
comprising at least one light entry region; a first light-emit 
ting source positioned to emit light into the first waveguide 
element at the first light entry region; at least a second 
waveguide element comprising at least one light entry region; 
and at least a second light-emitting Source positioned to emit 
light into the at least a second waveguide element at the first 
light entry region. Embodiments of the invention also provide 
LCD Systems utilizing waveguide systems as described 
herein. 
0016. In a further aspect, any of the foregoing aspects may 
be combined for additional advantage. 
0017. These aspects and other aspects and advantages of 
the invention will be apparent to one skilled in the art upon 
review of the ensuing disclosure and accompanying draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.018 FIG. 1A is a schematic front view illustration of at 
least a portion of an exemplary LCD System including a 
waveguide element with edge illumination from two side 
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edges, utilizing a plurality of LEDs arranged in Strips as light 
Sources according to one embodiment of the invention. 
0019 FIG. 1B is a schematic perspective view illustration 
of the exemplary LCD system of FIG. 1A. 
0020 FIG. 1C is a schematic perspective view of the 
multi-LED strip light source of FIGS. 1A and 1B, disposed 
adjacent to a waveguide. 
0021 FIG. 2 is a schematic perspective view illustration of 
at least a portion of an exemplary LCD System including a 
waveguide element with angled extensions to receive light 
from a plurality of LEDs arranged in strips, according to one 
embodiment of the invention. 
0022 FIG. 3 is a schematic view illustration of at least a 
portion of an exemplary LCD System including a waveguide 
element with multiple extensions curved toward a principal 
plane of the waveguide element according to one embodi 
ment of the invention. 
0023 FIG. 4 is a schematic perspective view illustration of 
an exemplary LCD System including a waveguide element 
subject to both backlighting by a plurality of LEDs arranged 
in strips behind the LCD screen, and side backlighting by a 
plurality of LEDs arranged in Strips along at least one side 
edge of the system according to one embodiment of the inven 
tion. 
0024 FIG. 5 is a schematic illustration of a plurality of 
LEDs arranged in a strip for use in a light-emitting source in 
a LCD System according to one embodiment of the invention. 
0025 FIG. 6A is a schematic front view illustration of a lit 
LCD screen, lighted by a waveguide system containing two 
waveguides, according to one embodiment of the invention. 
0026 FIG. 6B is a cross-sectional view illustration of the 
LCD screen of FIG. 6A and at least a portion of an associated 
waveguide system arranged to light the LCD screen. 
0027 FIG. 7A is a schematic front view illustration of a lit 
LCD Screen, lighted by a waveguide system containing three 
waveguides, according to one embodiment of the invention. 
0028 FIG. 7B is a cross-sectional view illustration of the 
LCD screen of FIG. 7A and at least a portion of an associated 
waveguide system arranged to light the LCD Screen accord 
ing to one embodiment of the invention. 
0029 FIG. 8A is a schematic front view illustration of a lit 
LCD screen, lighted by a waveguide system containing four 
waveguides, according to one embodiment of the invention. 
0030 FIGS. 8B and 8C are cross-sectional view illustra 
tions of LCD screen of FIG. 8A and at least a portion of an 
associated waveguide system arranged to light the LCD 
screen, according to one embodiment of the invention. 
0031 FIG.9A is a schematic front view illustration of a lit 
LCD screen, lighted by a waveguide system containing four 
waveguides, according to one embodiment of the invention. 
0032 FIG.9B is a cross-sectional view illustration of the 
LCD screen of FIG.9A and at least a portion of an associated 
waveguide system arranged to light the LCD Screen accord 
ing to one embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0033. The present invention relates in various aspects to 
improved LCD systems. In one embodiment, a LCD system 
comprises a LCD panel or screen, at least one waveguide with 
multiple entry regions for light, and at least two light-emitting 
Sources positioned to emit light into the at least one 
waveguide. When the light emitted by the light-emitting 
Sources is optically coupled into the waveguide, the 
waveguide transmits light sufficient to light the entire LCD 
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panel or screen of the system. Alternatively, multiple 
waveguides may be employed, each with at least one entry 
region for light and at least one associated light-emitting 
source positioned to emit light into the waveguides. With 
multiple waveguides, each waveguide may be positioned to 
light a portion of the LCD panel. 
0034. A conventional LCD system generally includes a 
LCD panel and a light source Such as a LED optionally 
coupled to a single waveguide element having a single light 
entry point. Side view LED packages are desirable for use in 
LCD Systems, due to their low current usage and Small size. 
Due to concerns of overheating, however, the current that can 
be supplied to side view LED packages is limited, thus lim 
iting their emissions. Consequently, the amount of light that 
can be emitted from a single side view LED package into a 
conventional waveguide is also limited. Therefore, side view 
LED packages coupled to single-input waveguides are not 
well-suited for use in backlighting LCD panels having view 
able diagonal measurements larger than approximately 12-14 
inches. 
0035 Embodiments of the present invention are not so 
limited, as they provide for uniform backlighting of panels of 
any desirable size, including panels having viewable diagonal 
measurements larger than about 12 inches, without problems 
Such as overheating and creation of “hotspots.” LCD Systems 
embodied in the present invention may include, but are not 
limited to televisions and computer monitors. 
0036 Embodiments of the present invention include 
single Waveguides having multiple light entry regions for 
receiving light from locations other than, and/or in addition 
to, a single edge of the waveguide. The provision of light into 
at least one waveguide from multiple entry regions permits 
low current side view LED packages, whether alone or with 
other types of light sources, to uniformly light a LCD panel or 
screen, even if the LCD panel or screen has a viewable surface 
with a diagonal measurement greater than approximately 
12-14 inches. 
0037 Embodiments of the present invention also include 
waveguide systems comprising multiple waveguides each 
waveguide having at least a single light entry region. Such a 
waveguide system may be utilized in a LCD System, where 
each waveguide has a transmissive surface that lights a por 
tion of the LCD panel. The provision of light to multiple 
waveguides permits use of low current side view LED pack 
ages, whether alone or with other types of light sources, to 
uniformly light the LCD panel. 
0038 A LCD system according to the present invention 
may include any Suitable type of conventional LCD panel or 
screen. Generally, a LCD panel includes LCD pixels arranged 
in front of a light source or reflective surface to illuminate the 
pixels. Furthermore, the LCD may include an LCD shutter 
panel and/or color filters, such as RGB color filters, as are 
known to those of skill in the art. 
0039. In one embodiment, a LCD system according to the 
present invention includes a transmissive LCD, Such that the 
light is provided to the LCD panel or screen from behind via 
at least one waveguide element. Preferably the at least one 
waveguide element disperses the light in an even and com 
plete manner, Such that the entire panel is lit consistently and 
at a consistent intensity. A single waveguide element may be 
utilized, or multiple waveguide elements may be utilized with 
a single LCD panel. A waveguide element is a device utilized 
to guide optical waves from a light entry region to a transmis 
sive Surface or exit region of the waveguide element. A 
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waveguide element may comprise a hollow structure with a 
reflective internal Surface; alternatively, a waveguide may be 
Substantially solid in nature. Glass, quartz, plexiglass, and 
other optically transmissive materials may be employable in 
the fabrication of transmissive portions of waveguides, with 
reflective materials such as metals further employed to fabri 
cate reflective portions. Other materials such as glass and 
plastic may be employed to fabricate additional portions of 
the waveguide. To minimize loss of light from the waveguide 
element from an area other than the transmissive Surface or 
exit region, the waveguide element may also be surrounded in 
whole or in part by a material such as plastic to reflect any 
light back into the element. In one embodiment, the 
waveguide includes a prism. At least a portion of a waveguide 
may be substantially planar or tubularin shape, or of any other 
configuration known to those of skill in the art. Total internal 
reflection is desirable, such that all of the light supplied to the 
waveguide element from associated light Source(s) is trans 
mitted out of the waveguide element via the transmissive 
Surface. Internal reflection guides the optical waves to a trans 
missive surface of the waveguide element, which is optically 
coupled to provide light to the LCD screen or panel, such that 
the LCD panel or screen may be lit by the transmitted light. A 
waveguide is generally utilized in an arrangement where the 
LCD panel or screen is located between the waveguide ele 
ment and a viewer. 

0040. When a single waveguide element is used, the 
waveguide preferably has multiple light entry regions. Addi 
tionally, the transmissive surface of the waveguide element 
and the viewable surface of the LCD panel or screen are 
preferably of substantially the same size. Optionally, the 
waveguide may contain gaps or holes to allow light from a 
direct backlight to the LCD panel or screen. 
0041 Waveguides utilized in LCD systems according to 
the invention may be utilized in combination, and when mul 
tiple waveguides are employed in a waveguide system, each 
may have one or more light entry regions. Light enters the one 
or more light entry regions of a waveguide and is transmitted 
to the transmissive surface thereof. A transmissive Surface is 
preferably substantially flat to conform to a LCD panel. This 
transmissive surface provides backlight to the LCD panel, 
and is capable of lighting the viewable surface of the LCD 
panel or screen. In a LCD system of the invention, one or 
more waveguides may be utilized in lighting the LCD panel or 
SCC. 

0042. When multiple waveguide elements are used, each 
waveguide preferably has at least one light entry region. The 
combined transmissive surface area of the waveguide ele 
ments is preferably substantially the same as that of the view 
able surface area of the LCD panel or screen. Each waveguide 
of the group may light a different portion of the LCD panel, or 
the combined transmission may light Substantially all of the 
LCD panel. In another embodiment, when multiple 
waveguides are utilized, the waveguides may be spaced Suf 
ficiently to allow light from a direct backlight to the LCD 
screen or panel or any of the individual waveguides of the 
group may contain gaps or holes to allow light from a direct 
backlight to the LCD panel or screen. When multiple 
waveguides are employed, they may abut one another later 
ally, or at least portions thereof may be disposed in a front 
to-back or layered relationship if desired. In one embodiment, 
multiple upstream waveguides may be optically coupled to a 
downstream waveguide to promote easy fabrication and/or 
enhance uniformity of light distribution. 
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0043. A light entry region of a waveguide element accord 
ing to the invention may be adapted to receive light from one 
or more light sources. Light entry regions may be arranged 
along any convenient portion of a waveguide element. If a 
front portion of a waveguide is optically coupled to transmit 
light to a LCD panel or screen, then light entry regions may be 
disposed along any of a top edge, a first side edge, a second 
side edge, a bottom edge, and a back side of the waveguide 
element. 

0044) A waveguide element of the invention may be also 
adapted for use with a direct backlight source. As described 
above, a traditionally backlit LCD system includes a layered 
system which may include a direct backlight and, optionally, 
thermal layers under the light source, reflective layer(s), dif 
fusion layer(s), brightness enhancement film(s) and/or colli 
mating layer(s). In one embodiment of the invention the 
waveguide element of the invention is adapted for use with a 
direct backlight Source, such that the waveguide element is 
included within or in addition to the layered backlight system. 
Where direct backlighting is provided in the LCD system of 
the invention, inclusion and orientation of Such layers, films 
and elements, including one or more waveguide elements, is 
provided to optimize the direct backlight transmitted to the 
LCD panel or screen. In one embodiment a waveguide ele 
ment is provided between the direct backlight source and the 
diffusion layer. In another embodiment, the waveguide ele 
ment serves as a diffusion layer. 
0045. Multiple waveguides may form a “waveguide sys 
tem’ such that in one embodiment, light transmitted from 
each of the waveguides is coupled to provide light to the LCD 
panel or screen of a LCD System. A waveguide system in 
another embodiment may include two or more waveguides 
arranged in a layered configuration, where each waveguide 
provides light to a different portion of a LCD panel, such that 
the entire panel is substantially illuminated by the waveguide 
system. Each individual waveguide within the waveguide 
system includes one or more light entry regions, to which one 
or more light sources are optically coupled. Each waveguide 
also includes a transmissive Surface or an exit region, where 
light exits the waveguide. A transmissive Surface may com 
prise glass, quartz, or other optically transmissive materials, 
and may be referred to as a “prismatic' section of the 
waveguide. Portions of the waveguide not comprising a trans 
missive Surface may comprise materials without prismatic or 
transmissive properties. The waveguide may also comprise a 
material or be surface treated such that a light shined directly 
at the waveguide will enter the waveguide or pass through the 
waveguide. Optionally, layered waveguides may be alter 
nated with layers of diffusers and/or “light shaping compo 
nentS. 

0046. In an exemplary LCD system according to one 
embodiment of the invention, a waveguide system including 
two layered waveguides is used, where the first waveguide 
may light a central or interior region of the LCD Screen and 
the second waveguide may light a peripheral or outer region 
of the LCD screen. FIG. 6A illustrates a LCD screen 42 lit by 
a two layer waveguide system according to one embodiment 
of the invention. On the lighted screen 42, a first waveguide 
(not shown) is arranged to provide lighting to a central portion 
45 of the LCD screen 42 and a second waveguide (not shown) 
is arranged to provide lighting to a peripheral or outersection 
46 of the LCD screen 42. Each waveguide of the waveguide 
system preferably receives light from at least one different 
light source (not shown). FIG. 6B provides a cross-sectional 
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view of an exemplary waveguide system 41 used to light a 
LCD screen 42 such as illustrated in FIG. 6A, taken along 
section lines B-B of FIG. 6A. As can be seen in FIG. 6B, in the 
exemplary two waveguide system 41, the waveguide layers 
44A, 44B may be of similar size to one another. The 
waveguides 44A, 44B are positioned in a layered configura 
tion, such that one waveguide 44A is positioned between the 
second waveguide 44B and the LCD screen 42. Each 
waveguide 44A, 44B has a transmissive or prismatic portion 
49A, 49B on a major surface that emits light toward the LCD 
screen 42. Each waveguide 44A, 44B lights a portion of the 
LCD screen 42, such that the LCD screen 42 is substantially 
lit. A waveguide system may optionally be backed by a mirror 
or white light diffuser 40, and/or may contain additional 
diffusers or light shaping components (not shown) between 
the waveguide layers 44A, 44B. 
0047. In one embodiment according to the present inven 
tion, a waveguide system includes three layered waveguides, 
with a first waveguide lighting a central or interior region of 
the LCD Screen, a second waveguide lighting a first portion of 
a peripheral or exterior region of the LCD screen, and a third 
waveguide lighting a second (e.g., remaining) portion of the 
peripheral or exterior region of the LCD screen. FIG. 7A 
illustrates an exemplary lit LCD screen 52 utilizing a three 
layer waveguide system 51. On the lighted screen 52, a first 
waveguide (not shown) is arranged to provide lighting to a 
first portion 55 along the center of the LCD screen 52, a 
second waveguide (not shown) is arranged to provide lighting 
to a second portion 56 along the exterior of the LCD screen 52 
and a third waveguide (not shown) is arranged to provide 
lighting to a third portion 57 along a remaining exterior por 
tion of the LCD screen 52. Each waveguide 54A-54C of the 
waveguide system preferably receives light from at least one 
different light source (not shown). FIG. 7B provides a cross 
sectional view of an exemplary waveguide system 51 used to 
light LCD screen 52 as illustrated in FIG. 7A, taken along 
section lines B-B of FIG. 7A. As can be seen in FIG. 7B, each 
waveguide layer 54A-54C of the exemplary three waveguide 
system 51 may be of similar size. The waveguides 54A-54C 
are positioned in a layered configuration, such that one 
waveguide 54A is positioned closest to the LCD screen 52 
and the third waveguide 54C is positioned furthest from the 
LCD screen 52, with the second waveguide 54B positioned 
between the first and third waveguides 54A, 54C. Each 
waveguide 54A-54C has a transmissive or prismatic portion 
59A-59C on a major surface thereof that emits light toward 
the LCD screen 52. Each waveguide 54A-54C lights a portion 
of the LCD screen 52, such that the entire LCD screen 52 is 
substantially lit. The waveguide system 51 may optionally be 
backed by a mirror or white light diffuser 50, and/or may 
contain additional diffusers or light shaping components (not 
shown) between the waveguide layers 54A-54C. 
0048. In another embodiment according to the present 
invention, four layered waveguides are provided. In such an 
arrangement, the waveguides may each provide light to a 
different portion (e.g., quadrants) of a LCD screen. 
0049 FIG. 8A illustrates such an exemplary LCD screen 
62 lit by a four layer waveguide system. On the exemplary lit 
screen 62, a first waveguide (not shown) is arranged to pro 
vide lighting to a first portion 65 corresponding to an upper 
left quadrant of the LCD screen 62, a second waveguide (not 
shown) is arranged to provide lighting to a second portion 66 
corresponding to a lower left quadrant of the LCD screen 62, 
a third waveguide (not shown) is arranged to provide lighting 
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to a third portion 67 corresponding to an upper right quadrant 
of the LCD screen 62, and a fourth waveguide (not shown) is 
arranged to provide lighting to a fourth portion 68 corre 
sponding to a lower right quadrant of the LCD screen 62. 
Each waveguide of the waveguide system preferably receives 
light from at least one different light source (not shown). FIG. 
8B provides a first cross-sectional view of a waveguide sys 
tem 61 useable to light the LCD screen 62 of FIG. 8A, taken 
along section lines B-B of FIG. 8A. FIG. 8C provides an 
alternative cross-sectional view of a first waveguide system 
useable to light the LCD screen 62 of FIG. 8A, taken along 
section lines C-C. As can be seen in FIGS. 8B and 8C, in the 
exemplary four waveguide system 61, the waveguide layers 
64A-64D are of similar size to one another. The waveguides 
64A-64D are positioned in a layered configuration, such that 
a first waveguide 64A is positioned closest to the LCD screen 
61 and a fourth waveguide 64D is positioned furthest from the 
LCD screen 61, with a second waveguide 64B and a third 
waveguide 64C positioned between the first and fourth 
waveguides 64A, 64D. Each waveguide 64A-64D has a trans 
missive or prismatic portion 69A-69D on its surface that 
emits light toward the LCD screen 62. Each waveguide 64A 
64D lights a portion of the LCD screen 62, such that the entire 
LCD screen 62 is substantially lit. The waveguide system 61 
is optionally backed by a mirror or white light diffuser (not 
shown) and may contain additional diffusers or light shaping 
components (not shown) between the waveguide layers 64A 
64D. 

0050 FIG.9A illustrates an exemplary LCD screen 72 lit 
by another four layer waveguide system. On the exemplary lit 
screen 72, a first waveguide lights a first portion 75 of the 
LCD Screen 72, a second waveguide lights a second portion 
76 of the LCD screen 72, a third waveguide lights a third 
portion 77 of the LCD screen 72, and a fourth waveguide 
lights a fourth portion 78 of the LCD screen 72. Each 
waveguide 74A-74D of the waveguide system preferably 
receives light from at least one different light source (not 
shown). FIG. 9B provides a cross-sectional view of a 
waveguide system 71 useable to light the LCD screen 72 of 
FIG.9A, taken along section lines B-B of FIG.9A. As can be 
seen in FIG.9B, in the exemplary four waveguide system 71, 
the waveguide layers 74A-74D are of similar size to one 
another. The waveguides 74A-74D are positioned in a layered 
configuration, Such that a first waveguide 74A is positioned 
closest to the LCD screen 72 and a fourth waveguide 74D is 
positioned furthest from the LCD screen 72, with a second 
waveguide 74B and a third waveguide 74C positioned 
between the first and fourth waveguides 74A, 74D. Each 
waveguide 74A-74D has a transmissive or prismatic portion 
79A-79D on its surface that emits light toward the LCD 
screen 72. Each waveguide 74A-74D lights a portion of the 
LCD screen 72, such that the entire LCD screen 72 is sub 
stantially lit. The waveguide system 71 is optionally backed 
by a mirror or white light diffuser (not shown) and may 
contain additional diffusers or light shaping components (not 
shown) between the waveguide layers 74A-74D. 
0051. It is to be understood that the exemplary waveguide 
systems described above are not limited to the particular 
transmission configurations provided herein. Any number of 
waveguides may be arranged in any configuration Such that 
the transmissive sections of the waveguides illuminate Vari 
ous sections of a LCD Screen. Transmission by the 
waveguides in any particular configuration does not have to 
be evenly distributed among individual waveguides. The 
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exemplary waveguide systems set forth above include 
waveguides of approximately similar size; however, the 
waveguides of a waveguide system may be of any size, as long 
as the resulting transmissive sections of those waveguides 
illuminate substantially all of the LCD screen. 
0052. As described hereinabove, one or more light sources 
are optically coupled to a waveguide element in various 
embodiments of the invention. Any number of light Sources 
may be employed to achieve uniform lighting of a LCD panel. 
While the light sources are optically coupled to emit light into 
the light entry regions of the waveguide element, the number 
of light entry regions does not limit the number of light 
Sources. In one embodiment, at least one waveguide element 
is utilized, including a first light-emitting Source positioned to 
emit light into a first entry region of the at least one waveguide 
element and a second light-emitting source positioned to emit 
light into a second entry region of the at least one waveguide 
element. Additional light-emitting sources and light entry 
regions may be employed. 
0053 A light-emitting source may be positioned any 
where within a LCD system that allows optical coupling of 
the light emitted into a light entry region. Accordingly, light 
emitting sources may be located in or along a side region, a 
top region, a bottom region and/or a rear region of the LCD 
system. Light-emitting Sources may be spaced apart from 
corresponding light entry regions, may be adjacent to corre 
sponding light entry regions, and/or may be physically 
coupled to the corresponding light entry regions. In one 
embodiment, the light-emitting sources include side view 
LED packages, the light-emitting Sources are arranged to not 
simultaneously and solely emit light into a top edge and a 
bottom edge of the waveguide. In Such an embodiment, light 
Sources may be arranged in locations other than both the top 
and bottom edges of the waveguide, or light sources arranged 
along both the top and bottom edge of a waveguide are 
Supplemented with at least one additional light source 
arranged to emit light into the waveguide from at least one 
other location. 
0054 Optical coupling between a light source and 
waveguide element may include any of directing light to one 
or more recesses defined a waveguide element, embedding a 
light source in a waveguide element, and directing light to at 
least one edge or Surface of a waveguide element. The 
waveguide element does not need to be uniform in shape and, 
optionally, may contain one or more extensions oriented in 
any suitable direction, such that the light source may be 
optically coupled to the waveguide element via the one or 
more extensions. 

0055 As thinner profile LCD systems may be desirable, 
where waveguide extensions are utilized, they may be option 
ally oriented in a manner Such that they are angled, bent, or 
curved toward a primary plane of the waveguide element 
itself and, correspondingly, toward the LCD panel, to achieve 
a thinner profile system. 
0056. In one embodiment, a LCD system may further 
comprise a light Source that is not optically coupled to emit 
light into the waveguide. An exemplary system includes a 
light source that directly backlights a LCD panel, Supple 
mented by waveguide-directed light. Light emitted by Such a 
backlight may pass through or around a waveguide or 
waveguide system disposed between the backlight and the 
LCD panel, in order to transmit light from the backlight to the 
LCD panel. In such an embodiment, the backlight provides 
light to the LCD panel or screen, which light is Supplemented 
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in one or more locations by light transmitted by the 
waveguide or waveguide system. 
0057. In another embodiment, a LCD system may further 
comprise a direct backlight source that is optically coupled 
into the waveguide as understood by one of skill in the art. An 
exemplary system includes a light source that provides light 
optically coupled into the waveguide, where the light Source 
is positioned directly behind the LCD panel. Such direct 
backlighting may be coupled into the waveguide by any 
means known to those of skill in the art. In one embodiment 
the LED is provided at the end of a waveguide extension. 
Such a waveguide extension may be oriented in any manner 
as more fully described above. Preferably such an extension is 
short and the backlight is flush with the extension. In another 
embodiment the waveguide comprises such a material or is 
surface-treated such that a direct backlight shined on the 
waveguide will enter the waveguide through the Surface and 
will be optically coupled to light provided to the waveguide 
through additional light entry sources. In a still further 
embodiment, the waveguide contains a light entry source in 
the form of a notch, or groove or other indentation in the 
Surface of the waveguide, allowing for placement of a direct 
backlight directly against the waveguide. Light emitted from 
the direct backlight can therefore be optically coupled 
directly into the waveguide. 
0058 Light sources useful in lighting a LCD panel can 
include any of: a cold cathode fluorescent lamp (CCFL), a hot 
cathode fluorescent lamp (HCFL), an electroluminescent 
panel (ELP), an incandescent lightbulb, a light emitting diode 
(LED), an organic light emitting diode (OLED), a high inten 
sity discharge (HID) lamp, and any combination of the fore 
going sources arranged to provide light in additive or spatially 
discrete arrangement. 
0059. Where LEDs are utilized as light sources in embodi 
ments of the present invention, such LEDs are preferably 
embodied in LED packages. Such packages may include 
packaged traditional LEDs that emit light from a side oppo 
site the electrode from which they receive current, and/or may 
be packaged side view LEDs (also known as 'side emitting 
LEDs or “sidelooker LEDs) that emit light substantially 
parallel to a plane of the Surface on which the package is 
mounted. A “LED package,” as used herein, preferably 
includes a Substrate, an electrode, a LED chip mounted on or 
over the Substrate and an encapsulant disposed on or over the 
LED chip. A LED package may also include any of a dif 
fuser, a reflector, a lens, an electrostatic discharge diode, 
and/or thermal conduction elements. 
0060 A light source in a LCD system of the invention may 
include a LED that emits any of white light, blue light, red 
light, greenlight, or light of any desirable wavelength. In one 
embodiment, a light source includes one or more clusters of 
red-green-blue (RGB) LEDs. Such clusters may be indepen 
dently controlled. In another embodiment, a light Source 
includes a blue LED coated or otherwise covered with phos 
phors to upconvert blue light to white light. 
0061 Exemplary combinations of light sources of the 
invention may include: (1) direct backlighting utilizing one or 
more side view LEDs, supplemented with edge backlighting 
utilizing one or more side view LEDs; (2) direct backlighting 
utilizing one or more traditional LEDs, supplemented with 
edge backlighting utilizing one or more side view LEDs; (3) 
direct backlighting utilizing one or more side view LEDs, 
Supplemented with edge backlighting utilizing one or more 
traditional LEDs; (4) direct backlighting utilizing one or 
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more traditional LEDs, Supplemented with edge backlighting 
utilizing one or more traditional LEDs; and (5) edge back 
lighting from more than one edge, utilizing one or more side 
view LEDs or traditional LEDs, or any combinations thereof. 
Such combinations may include, but are not limited to, single 
light sources including both traditional and side view LEDs. 
The foregoing combinations represent mere examples of pos 
sible configurations; other configurations may be employed 
within the scope of the present invention. 
0062. A single light source may comprise a plurality of 
LEDs. The LEDs of such a plurality of LEDs may be arranged 
in any Suitable configuration, whether to enable convenient 
manufacture, to maximize light emitted into the light entry 
regions of the at least one waveguide element, or both. Exem 
plary arrangements include multiple LED packages arranged 
in a strip, or a single LED package containing multiple LEDs 
arranged in a strip. Such a strip may contain two or more 
LEDs or LED packages. Individual LEDs or LED packages 
within a single strip may be characteristically the same as, or 
different from, other LEDs or LED packages in the same 
strip. LEDs or LED packages in a single strip may be adapted 
to emit Substantially the same wavelength, or may be adapted 
to emit different wavelengths. Additionally, multiple strips 
may be connected to one another in any suitable orientation, 
Such as in an end-to-end orientation, or in a side-to-side 
orientation, in order to yield a single composite light source to 
emit light into the waveguide element. Where multiple strips 
are utilized, each strip may be adapted to emit light of Sub 
stantially the same wavelength as other strips, or may be 
adapted to emit light of wavelengths different from light other 
strips. 
0063 A light source including a strip of LEDs or LED 
packages may include a circuit board or other common struc 
tural support, such that the LEDs may be electrically con 
nected to one another. The LEDs may be further electrically 
connected to components adapted to provide uniform perfor 
mance of the plurality of LEDs. Such components may 
include one or more common control circuits (e.g., integrated 
circuits or processors) to regulate, for example, power to the 
LEDs, intensity of the emitted light, wavelength of the emit 
ted light, and/or other parameters. Additionally, a strip of 
LEDs may include or be connected to one or more common 
electrostatic discharge (ESD) diodes, providing protection 
from voltage spikes to multiple LEDs within the strip. More 
over, multiple strips may be subject to control from a single 
master control circuit or CPU. 

0064 FIG. 5 illustrates of an exemplary light source for 
use in a LCD System, including a plurality of LED packages 
arranged in a strip 100. In a preferred embodiment, the strip 
100 has dimensions of 20 mmx2.5 mm and contains five or 
more LED packages 101A-101E, which may be disposed in 
series. Optionally, such a strip 100 comprises a circuit board 
105 including a 2.5 mil thickness FR4 substrate and 1 oz. 
copper, electroless Nickel Immersion Gold plating, and does 
not contain soldermask on the back surface. The strip 100 
includes a common ESD diode 102 in electrical communica 
tion with the LEDs 101A-101E. Contacts 103, 104 may be 
provided to serve as common electrical inputs for the strip 
1OO. 

0065. It is understood that when a single light source com 
prises a plurality of LED packages, any desirable number of 
LED packages may be provided. Factors affecting the 
makeup of a single light source may include: the size of the 
panel being lit, the desired viewing angle, the entry angle of 
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the light into the light entry region of the waveguide element, 
the spacing of the individual LED packages, the brightness of 
the individual LED packages, and the size of the LED pack 
ages. In combination, plural light sources coupled to at least 
one waveguide utilized in a system as described herein are 
adapted to uniformly light a LCD panel of any desired size. 
0.066 FIG. 1A is a schematic front view illustration of at 
least a portion of an exemplary LCD system 1 including a 
LCD panel 2 and multiple light sources 3A, 3B. FIG. 1B is a 
schematic side view illustration of the system of FIG. 1A, 
depicting the LCD panel 2, light sources 3A, 3B and 
waveguide element 4. FIG. 1C is a schematic side view illus 
tration of an exemplary light source 3B, comprising a plural 
ity of side view LED packages, 6A-6E arranged as a strip on 
base 7 and emitting light 8, parallel to the plane of base 7, into 
waveguide 4. 
0067 FIG. 2 is a schematic perspective view illustration of 
at least a portion of an exemplary LCD System 11 according 
to an embodiment of the present invention, including a LCD 
panel 12, waveguide element 14, first light source 13, and 
additional light sources 15A-15D, each coupled to the 
waveguide element 14 at the end of waveguide extensions 
16A-16D, respectively. In FIG. 2, the first light source 13 
provides light to a light entry region located along a lateral 
edge of the waveguide element 14 and additional strips of 
LED packages 15A-15D are optically coupled to the 
waveguide element 14 along light entry regions on extensions 
16A-16D of the waveguide element 14. 
0068 FIG.3 is a schematic perspective view illustration of 
at least a portion of an exemplary LCD System 21 according 
to one embodiment of the invention, the system including a 
LCD panel 22, waveguide element 24, and light sources 23, 
25A, 25B coupled to the waveguide element 24 along an edge 
27 of a primary waveguide surface and at the ends of 
waveguide extensions 26A, 26B, respectively. Additional 
light Sources (not shown) are contemplated to be coupled to 
the waveguide element 24 at the end of waveguide extensions 
26C and 26D, and along edge 28. Waveguide extensions 
26A-26D are curved toward a primary plane of the waveguide 
element 24, such that the side profile of the resulting system 
21 is thinner than it would otherwise be if the extensions 
26A-26D were straight. 
0069 FIG. 4 is a schematic perspective view illustration 
view of an exemplary LCD system 31 according to one 
embodiment of the invention. The system 31 includes a LCD 
panel 32, a waveguide element 34, a first light source 33 
optically coupled to an edge 37 of the waveguide element 34, 
and additional light sources 34A-34I optically coupled to the 
back side 35 of the waveguide element 34. 
0070 Various embodiments of the invention also provide 
methods of lighting a LCD panel utilizing light sources as 
described above. A LED panel may be lit by any combination 
of light sources that provides complete and uniform illumi 
nation of the panel. Light may be provided to the panel from 
light sources located along edge or back regions of the 
waveguide element, by direct backlighting, or use of any 
combination of light sources arranged to emit light directly to 
a LED panel and/or to emit light into one or more interposing 
waveguide elements. 
0071 Although the invention has been described with ref 
erence to the above embodiments, it will be understood that 
modifications and variations are encompassed within the 
spirit and scope of the invention. Accordingly, the invention is 
limited only by the following claims. 
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What is claimed is: 
1. A liquid crystal display (LCD) system comprising: 
a) a LCD panel; 
b) at least one waveguide element comprising a plurality of 

light entry regions; 
c) a first light-emitting source positioned to emit light into 

the at least one waveguide element at a first light entry 
region of the plurality of light entry regions; and 

d) at least a second light-emitting source positioned to emit 
light into the at least one waveguide element at at least a 
second light entry region of the plurality of light entry 
regions. 

2. The LCD system of claim 1, wherein the LCD panel has 
a viewable Surface, the at least one waveguide element has a 
transmissive Surface, and the transmissive surface is approxi 
mately the same size as the viewable Surface. 

3. The LCD system of claim 2, wherein the viewable sur 
face has a diagonal measurement of at least about 12 inches. 

4. The LCD system of claim 1, wherein each of the first 
light entry region and the at least a second light entry region 
is disposed at a different location on the at least one 
waveguide element selected from: a top edge of the at least 
one waveguide element, a bottom edge of the at least one 
waveguide element, a first side edge of the at least one 
waveguide element, a second side edge of the at least one 
waveguide element, and a back side of the at least one 
waveguide element. 

5. The LCD system of claim 1, wherein any of the first 
light-emitting source and the at least a second light-emitting 
Source comprises a LED adapted to emit any of white light 
and single color light. 

6. The LCD system of claim 5, wherein any of the first 
light-emitting Source and the at least a second light-emitting 
Source comprises a direct LED. 

7. The LCD system of claim 5, wherein any of the first 
light-emitting Source and the at least a second light-emitting 
source comprises a side view LED. 

8. The LCD system of claim 1, wherein the first light 
emitting source comprises a first plurality of LEDs and the at 
least a second light-emitting source comprises a second plu 
rality of LEDs. 

9. The LCD system of claim 8, wherein each of the first 
plurality of LEDs and the second plurality of LEDs comprises 
LEDs adapted to emit different wavelengths. 

10. The LCD system of claim 8, wherein each LED of the 
first plurality of LEDs and second plurality of LEDs is 
adapted to output Substantially the same wavelength. 

11. The LCD system of claim 8, wherein the first plurality 
of LEDs is adapted to emit a first wavelength and the second 
plurality of LEDs is adapted to emit a second wavelength. 

12. The LCD system of claim 8, wherein the first plurality 
of LEDs and the second plurality of LEDs are arranged in at 
least one strip. 

13. The LCD system of claim 12, wherein the at least one 
strip comprises a common control circuit in electrical com 
munication with the plurality of LEDs arranged in the at least 
one strip. 

14. The LCD system of claim 12, wherein the at least one 
strip comprises a common electrostatic discharge diode in 
electrical communication with the plurality of LEDs arranged 
in the at least one strip. 

15. The LCD system of claim 12, wherein the LEDs 
arranged in the at least one strip are linearly arranged. 
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16. The LCD system of claim 8, wherein the at least one 
strip comprises a first strip and a second strip, with the first 
plurality of LEDs being arranged in the first strip and the 
second plurality of LEDs being arranged in the second strip. 

17. The LCD system of claim 16, further comprising a 
common control circuit in electrical communication any of 
the first plurality of LEDs and the second plurality of LEDs. 

18. The LCD system of claim 16, wherein further compris 
ing an electrostatic discharge diode in electrical communica 
tion with any of the first plurality of LEDs and the second 
plurality of LEDs. 

19. The LCD system of claim 16, wherein each of the first 
plurality of LEDs and the second plurality of LEDs is linearly 
arranged. 

20. The LCD system of claim 1, wherein any of the first 
light-emitting source and the at least a second light-emitting 
Source is optically coupled to the at least one waveguide 
element. 

21. The LCD system of claim 20, wherein any of the first 
light-emitting source and the at least a second light-emitting 
Source is coupled to extensions of the at least one waveguide 
element Surface. 

22. The LCD system of claim 20, wherein the extensions 
are bent toward a principal plane of the at least one waveguide 
element. 

23. The LCD system of claim 20, wherein any of the first 
light-emitting source and the at least a second light-emitting 
source is embedded within a surface of the at least one 
waveguide element. 

24. The LCD system of claim 20, wherein any of the first 
light-emitting source and the at least a second light-emitting 
Source is optically coupled to at least one recess defined in a 
Surface of the at least one waveguide element. 

25. The LCD system of claim 20, wherein any of the first 
light-emitting source and the at least a second light-emitting 
Source is optically coupled to a backportion of the at least one 
waveguide element. 

26. The LCD system of claim 20, wherein any of the first 
light-emitting source and the at least a second light-emitting 
Source is optically coupled to an edge of the at least one 
waveguide element. 

27. The LCD system of claim 1, wherein the at least one 
waveguide element comprises a first waveguide element and 
a second waveguide element. 

28. The LCD system of claim 27, wherein the first light 
emitting source is optically coupled to the first waveguide 
element and the at least a second light-emitting Source is 
optically coupled to the second waveguide element. 

29. The LCD system of claim 28, wherein the first light 
emitting Source comprises a first plurality of LEDs and the at 
least a second light-emitting source comprises a second plu 
rality of LEDs. 

30. The LCD system of claim 29, wherein the first plurality 
of LEDs and the second plurality of LEDs are arranged in a 
common strip. 

31. The LCD system of claim 29, wherein first plurality of 
LEDs and the second plurality of LEDs are arranged in a 
plurality of strips. 

32. The LCD system of claim 1, wherein any of the first 
light emitting source and the at least a second light-emitting 
Source is disposed along an edge region of the LCD system, 
and positioned to emit light into an edge of the at least one 
waveguide element. 
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33. The LCD system of claim 1, wherein any of the first 
light emitting source and the at least a second light-emitting 
Source is disposed along a center region of the LCD System 
behind the LCD panel, and is positioned to emit light into a 
back side of the at least one waveguide element. 

34. The LCD system of claim 1, wherein any of the first 
light emitting source and the at least a second light-emitting 
Source is disposed at a location selected from: 1) along an 
edge region of the LCD System, positioned to emit light into 
an edge of the at least one waveguide element, and 2) along a 
center region of the LCD system behind the LCD panel, 
positioned to emit light into a back side of the at least one 
waveguide element. 

35. The LCD system of claim 1, wherein the at least one 
waveguide element comprises a prism. 

36. The LCD system of claim 1, further comprising at least 
a third light-emitting source, positioned to emit direct back 
light onto the LCD panel. 

37. The LCD system of claim 1, embodied in a television. 
38. The LCD system of claim 1, embodied in a computer 

monitor. 
39. A liquid crystal display (LCD) system comprising: 
a) a LCD panel with a viewable Surface having a diagonal 

measurement of at least about 12 inches; 
b) at least one waveguide element comprising a plurality of 

light entry regions; 
c) a first light-emitting source positioned to emit light into 

the at least one waveguide element at a first light entry 
region of the plurality of light entry regions; and 

d) at least a second light-emitting source positioned to emit 
light into the at least one waveguide element at at least a 
second light entry region of the plurality of light entry 
regions; 

wherein each of the first light-emitting source and the at 
least second light-emitting source comprises a plurality 
of LEDs arranged in at least one strip. 

40. The LCD system of claim 39, wherein any of the first 
light-emitting Source and the at least a second light-emitting 
Source comprises a direct LED. 

41. The LCD system of claim 39, wherein any of the first 
light-emitting Source and the at least a second light-emitting 
source comprises a side view LED. 

42. The LCD system of claim 39, wherein each strip of the 
at least one strip comprises a common control circuit in elec 
trical communication with the plurality of LEDs arranged in 
the at least one strip. 

43. The LCD system of claim 39, further comprising an 
electrostatic discharge diode in electrical communication 
with the at least one strip. 

44. A liquid crystal display (LCD) system comprising: 
a) a LCD panel; 
b) at least one waveguide element comprising at least one 

light entry region; 
c) a first light-emitting source positioned to emit light into 

the at least one waveguide element at a light entry 
region; and 

d) at least a second light-emitting source positioned to emit 
direct backlight onto the LCD panel. 

45. A method utilizing a) a LCD panel; b) at least one 
waveguide element having a first and at least a second light 
entry region; c) a first light-emitting source; and d) at least a 
second light-emitting source positioned to emit light into the 
at least one waveguide element, the method comprising: 
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optically coupling the first light-emitting source to the at 
least one waveguide element at the first light entry 
region; 

optically coupling the at least a second light-emitting 
Source to the at least one waveguide element at the at 
least a second light entry region; and 

positioning the at least one waveguide element to backlight 
the LCD panel. 

46. The method of claim 45, further comprising illuminat 
ing the LCD panel with the first light emitting source and the 
least a second light-emitting source. 

47. A waveguide system comprising: 
a) a first waveguide element comprising at least one light 

entry region; 
b) a first light-emitting source positioned to emit light into 

the first waveguide element at the first light entry region; 
c) at least a second waveguide element comprising at least 

one light entry region; and 
d) at least a second light-emitting source positioned to emit 

light into the at least a second waveguide element at the 
first light entry region. 

48. A liquid crystal display (LCD) system comprising: 
a) a LCD panel; and 
b) the waveguide system of claim 47. 
49. The LCD system of claim 48, wherein the LCD panel 

has a viewable Surface area, the first waveguide element has a 
first transmissive Surface area, the at least a second waveguide 
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element has a second transmissive Surface area and the Sum of 
the first transmissive surface area and the second transmissive 
Surface area is approximately the same size as the viewable 
Surface area. 

50. The LCD system of claim 48, further comprising at 
least a third light-emitting source, positioned to emit direct 
backlight onto the LCD panel. 

51. A liquid crystal display (LCD) system comprising: 
a) a LCD panel; 
b) at least one waveguide element comprising an outer light 

entry region at an edge of said at least one waveguide 
element and an inner light entry region spaced from said 
edge of said at least one waveguide element; 

c) a first light-emitting diode source positioned to emit 
light into said outer entry region; and 

d) at least a second light-emitting diode source positioned 
to emit light into said inner light entry region. 

52. A liquid crystal display (LCD) system comprising: 
a) a LCD panel having a peripheral region and an inner 

region; 
b) at least one waveguide element comprising a light entry 

region at an edge of said LCD panel; 
c) a first light-emitting diode source positioned to emit 

light into said light entry region; and 
d) at least a second light-emitting diode source positioned 

to emit light into an inner region of said LCD panel. 
c c c c c 


